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(54) Loudspeaker system and sound producing apparatus 



(57) In the invented speaker system, a passive radi- 
ator 401 is mounted on a top txjard 403a of baffle 403 in 
a direction opposite to a speaker unit 402. The speaker 
un'rt 402 is mourrted on the opening of a cylinder 403b 
protnxling from top board 403a at a place inner from the 
end. The remaining part of the opening is closed with a 
suk>-baff)e 406, to form a front dosed cavity 404 and a 
t)ack dosed cavity 405. In this way, both the passive 
relator 401 and the speaker unit 402 are fixed to the 
top board 403a whose ri^ty t>eing the highest; whk:h 
reduces the linwanted vil>ration. 
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. Description . . ..... . 

BACKGROUND OF THE INVENTION 

The present invention is related to a budspeaker 
system and a sound produdng apparatus, specifically 
to a loudspeaker system and a sound producing appa- 
ratus advantageous for use in a car. 

In the era of popular use of Corrpact Disk(CD), Mini 
Disk(MD). Digital Audio Tape(DAT) and other digital 
sound sources, loudspeaker systens are requested to 
t>e able to reproduce the reoaded sound for a wkie 
ranga In order to Improve the low range sound repro- 
duction, Kelton type speakers have been known, in 
which a speaker unit and a passive radiator are com- 
bined. 

In the following, a conventional Kelton type speaker 
System tiovir^g passive radator is descrbed referring to 
Rg.14. The conventional speaker system comprises a 
passive radiator 1 01 which actually produces a sound, a 
speaker unit 102 for driving the passive radiator 101. a 
baffle 103, being a constituent of speaker box. for 
mounting the passive radiator 101 on. a front closed 
cavity 104 for coupling the sound output of speaker unit 
102 with the passive racfiator 101, a back ck>sed cavity 
105 for sealing the backward sound output of speaker 
unit 102 in, a sut>-baffle 106, which epfits a space into 
the front closed cavity 104 and the back closed cavity 
105, for mounting the speaker unit 102 on. and a cabi- 
net 107 which constitutes a speaker box in oombtnation 
with the baffle 103. TTie suthbuffle 106 Is fixed to the 
side wall of speaker box. 

Fig. 15 is an equrval^ circuit diagram of a conven- 
tional Kelton type speaker system having passive radia- 
tor. Represented in Fig.15 are: an-electro-ma^etic 
resistance 201 due to reverse electromotive force of 
speaker unit etc.. a mechanical resistance 202 of 
speaker unit, an equivalent mass 203 due to the mass 
of speaker diaphragm etc., a conf)liance 204 due to 
damper arxi edge etc. of speaker unit, a transformer 
205 conducting the sound output of speaker unit to a 
passive radiator in proportion to the area ratio, a 
mechanical resistance 206 of passive radiator, a com- 
pliance 207 due to damper and edge etc. of passive 
radiator, an equivalent mass 208 due to the mass of 
passive radiator diaphragm etc., a corrpriance 209 due 
to front closed cavity, and a compliance 21 0 due to back 
ckTsed cavity. 

Now in the foDcwnng, description is made on the 
operatbn of a conventional speaker system having the 
above described constitution. A sound is produced, as 
illustrated in Rg.14, t>y a sound producing output dis- 
charged from the front of speaker unit 102, which drives 
the passive radiator 101 mounted on baffle 103 t>y 
means of the air existing within frorrt closed cavity 104 
formed by baffle 103 and sub-ft)affle 106; the passive 
radiator 101 actually produces a sound. A sound pro- 
ducing output discharged from the back of speaker unit 
102 is sealed within the back closed cavity 105 formed 



by sub-baffle 106 and cab'net 107 so as it.does .not 
interfere with the sound producing output of passive 
ladator 101. 

Rg.16 is a comparison of low range sound produc- 

5 ing characteristics, showing the advantages of a con- 
ventional Kelton system having passive radiator. In 
fMg.l6, a line 301 represents the frequency characteris- 
tics of output sound pressure level in a sealed cabinet 
systenv In the sealed cabinet system, sound producing 

10 output generated from the back of a speaker unit is 
sealed within a speaker box in order to avoid the inter- 
ference with the sound producing output from the front 
of speaker unit. If a speaker box is not suffidentty large, 
the compliance with respect to the speaker unit deterio- 

15 rates, and the low range producing capability is limited, 
as indicated by the shape of line 301 . 

A line 302 represents the frequency characteristics 
of output sound pressure in a reversed phase system 
using a same type speaker unit and speaker box. tnthe 

20 reversed phase system, a sound producing output gen- 
erated from the back of a speaker unit is made to reso- 
nate through a duct of the speaker box at a certain 
frequency(hereinafter referred to as anti-resonance fre- 
quency), which is mixed with a sound producing output 

25 from the front of speaker unit The sound producing out- 
put through the duct has a same phase as that from the 
front of speaker unit at the vidnity of the anti-resonance 
frequency, which improves the radiation efficiency by 
mutual effects and the limit of low range sound is 

30 exterxJed as compared with the sealed cabinet system. 
In a very Iwv frequency range, however, the phase of 
sound producing output through the duct is reversed 
against the sound produdng output from the front of 
speaker unit, which invites the mutual offsetting. As a 

ss result the characteristics curve shows a steep decre- 
ment of approximately -20dBtoct in the very low fre- 
quency ranga Therefore, heavy bass production 
remains unsatisfactory. 

A line 303 represents the frequency characteristics 

40 of output sound pressure in a conventional Kelton sys- 
tem having passive radiator using a same type speaker 
urvt and speaker box. In the same manner as in the 
reversed phase system, the Kelton system makes pas- 
sive radiator, speaker unit and speaker box resonate at 

45 a certain frequency(hereinafter referred to as tcMvest 
resonance frequency), extending the limit of tow range 
sound production. As the passive radiator arvj the 
speaker unit resonate in a same phase, the decrement 
at very low frequency range follows a same moderate 

so curve approximately -12dB/oct as that of the sealed 
cabinet system, produdng a suffident heavy bass. Fur- 
themwre. the passive radiator does not vibrate in a fre- 
quency range higher than a certain frequency despite a 
vibrating speaker unit, which msar^ that the system is 

55 provided also with an excellent band pass characteristk; 
as a bw range speaker. 

As described above, a conventional Kelton system 
having passive radiator improves the low range sound 
productkxi providing the advantag^ of both the sealed 
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cabinet eystem^ good production.ot heavy bass which is. 
due to moderate deaement characteristic in very low 
frequency range, and the reversed phase system, an 
extended limit of Im^ range production. 

The conventional KeKon system having passive 
radiator is a speaker system quite effective in improving 
the low range production, as deserved abova In the 
system, however, the siit^batfle tor spotting a space 
inside the speaker box into a front dosed cavity and a 
back dosed cavity is nnounted on it with a speaker unit 
being a vibration source, and is fixed to the side wall of 
speaker box. which makes the subteff le itself a source 
of unwanted vibration due to the counteraction of 
speaker unit TNs aocompanies a problen\ that is a 
larger unwanted vibration of a speaker system itself. 

Another problem with the system is that in a com- 
pact or flat configuration rt is difficutt to obtain an Idea) 
sound characterist'c t>ecause of the structural limitation 
in reducing the volume of front dosed cavity; the reason 
is. one of the parameters which give a substantial influ- 
ence on the sound characteristics of this type of 
speaker system is the ratk> in volume between front 
closed cavrty and back dosed cavity, and there is a Gn> 
itation in making the volume of front dosed cavity small 
in a structure where a space is spfitted into front dosed 
cavity and back dosed cavity by a sut>baff le. 

SUMMARY OF THE INVENTION 

The present invention is aimed to present a speaker 
system having a reduced unwanted vibratkxi. It is also 
aimed to present a compact speaker system having an 
Inproved sound characteristic. 

For implementing the dsjectives, a speaker system 
according to the present invention comprises a speaker 
unit connected with sound input signal tanninals, a pas- 
sive radiator driven by a sound output from the speaker 
unit, a front dosed cavity having the passive radiator for 
coupfing the sound output of speaker unit with said pas- 
sive radiator, a bade dosed cavity for sealing the sound 
output of speaker unit in, a kiaffle having a top board for 
installation of the passive racfiator and constituting a 
part of speaker box, and a cabinet whKh constitutes a 
speaker box in combination with the baffle, wherein the 
speaker unit is mounted on a nnounting merrber f bced to 
the top board at a place other than the end. 

A sound produdng apparatus according to the 
present invention conrprises said sjpeaker system, a 
power amplifier for supplying sound productk}n signal to 
the speaker system, a microphone for detecting sound 
output signal radiated from either the speaker unit or the 
passive radiator, and a sound fee(l>ack drcuit for feed- 
ing the sound signal from microphone to the power 
amplifier. 

According to the above descrS)ed structure where 
both the speaker unit being a vi)ration source, and the 
passive radiator are fixed direct to the top kx>ard of k>af- 
fle, whose rigidity being the highest, the unwanted 
vibration of sub^ffle caused by the counteraction of 



. ...w.. speaker unitJs significantly. reduced, and the unwanted. 
vibration of a speaker system itself is lowered Further- 
more, by mounting a speaker unit direct on the top 
board of baffle the vdume ratio of the front dosed cavity 

5 can be minimized even in a compact or flat configura- 
tion: which helps improve the sound characteristics of a 
speaker system, as well as a sound production appara- 
tus. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Rg.1 is a cross sectbnal view showing a Ketton 
type speaker system having passive radiator, according 
to a first embodiment of the present invention. Fig2 is 

15 anexplodedperspective view of the speaker system of 
Fig.1. Rg.3 is an equivalent drcuit diagram of the 
speaker system of Rg.1. Fig.4 Is a block dagram of a 
sound produdng apparatus comprising the speaker 
system of Rg. 1 with a biilt-in power anplif ier to be used 

20 as subwoofer. Rg.5 is a block diagram showing the 
sound feedbad( drcuit of Ra4. Rg.6 is a oonstihjtion of 
a car-bome sound apparatus comprising the sutiwoofer 
of Rg.4. Rg.7 illustrates vibration level; ttiat of a conven- 
tional speaker box in (a), that of the speaker bcDC of Rg.1 

25 in (b). Rg.8 shows frequency characteristics of a sound 
produced by a conventional speaker system in (a), 
those by the speaker system of Rg.1 in (b). Rg.9 is a 
block diagram of a sound produdng apparatus having 
the speaker system of Rg.1 used as sidi^Moofer. Rg.10 

30 is a cross sectional view showing a modification of the 
speaker system of Rg.1 . where the passive radiator is 
divided. Rg.11 is a cross sectional view shcMnng 
another modification of the speaker system of Rg.l, 
where a duct is used in place of the passive radiator. 

35 Rg.l2 is a cross sectional view sh(Mvir)g a sb1l other 
modification of the speaker system of Rg. 1 , where a d'lf- 
fuser is attached on the passive radiator. Rg.1 3 is a 
cross sectional view of a Kelton type speaker system 
having passive radiator according to a seoorti entxxii- 

40 ment of the present inventton. Rg.14 is a aoss sec- 
tional view of a conventional Kefton type speaker 
system having passive radiator. Rg.1 5 is an equivalent 
drcuit diagram of the converrtional speaker system of 
Rg.14. Rg.1 6 compares varkHJS systems by frequency 

45 cfiaracteristics ounces in tfte low frequency ranga 

PREFERRED EMBODIMENTS OF THE INVENTION 

A speaker system according to a first embodiment 
50 of the present invention as shown in Rg.1 and Rg^ 
conr^ises a passive radiator 401 which actually pro- 
duces a sound, a speaker unit 402 for driving the pas- 
sive radiata 401 by a sound output from the back, a 
baffle 403 being a constituent of speaker box for nxxjnt- 
ss ing the passive radiator 401 and the speaker unit 402 
altogether on, a front dosed cavity 404 for coi4)ling a 
sound output from the back of speaker unit 402 with the 
passive radiator 401, a back dosed cavity 405 for seat- 
ing a sound output from the front of speaker unit 402 in, 
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. ■ a -si^rbaff le.406.splitting. a .spac& into.the front closed < 
cavity 404 and the back cteed cavity 405, and a cabinet 
407. 

Speaker unit 402 is mounted on an opening of a 
cylinder 403b protruding from a top board 403a of baffle s 
403 at a place inner from the end. The remairvng por- 
tion of opening of cylinder 403b is doeed with a subf- 
ile 406; the front closed cavity 404 is formed with top 
board 403a, cytinder 403b and sub^ffle 406. The t>af- 
fte 403 ts comprised of a high rigidity material, the top io 
board 403a is made to have the highest riQpdity. 

The manufacturing process may be simplified by 
gluing or welding a diaphragm 401a of passive radiator 
401 direct to the top board 403a. 

Rg.3 shows an equivalent circuit diagram of the is 
speaker system of Fig.1 . The equivalent circuit conv 
prises an electro-magnetic resistarKe 501 due to coun- 
ter electromotive force of speaker unit etc., a 
mechanical resistance 502 of speaker unit, an equiva- 
lent mass 503 due to the mass of speaker diapfvagm so 
etc., a compliance 504 due to damper arxi edge etc. of 
speaker unit, a transformer 505 conducting a sound out- 
put of speaker unit to a passive radiator in a reverse 
phase in proportion to the ratio of areas, a mechanical 
resistance 506 off passive r adiator, a oompliance 507 2s 
due to damper and e dge etc. of passive radiator"a fP^ 
e quivalent mass 508 due to the mass of passive ra Oia- 
tor ^laphfi^OT" « fin nnpiiance 50 9 due to front 
closed cavity, and a compliance 510 due to backck>sed 
cavity. 30 

Fig.7(a). Fig.7(b) compare the vibnation level off Kel- 
ton type speaker box having passive radiator; charac- 
teristics curve 1001 represents the vbration level of a 
conventional speaker box, 1002 represents the vibration 
level off a speaker box according to the present embodi- - <35- 
ment; measured in bdh cases at the surface of baffle. 

Rg.8(a), Fig.8(b) compare the frequency character- 
ises of Kelton type speaker box having passive radia- 
tor; curve 1101 represents the sound frequency 
characteristics of a conventional speaker box. curve 4a 
1 102 represents the sound frequency characteristics of 
a speaker box according to the present embodtmerrt 

In a Kelton type speaker system having passive 
radiator according to the present embodiment speaker 
unit 402 is mounted in a reverse orientation relative to 4S 
passive radiator 401, and a sound output from the back 
of speaker unit 402 is conducted via the air of front 
ctosed cavity 404 to passive radiator 401 to produce a 
sound th^efrom. The functk)n of sut>-baffle 406 is sim- 
ply to split aspace into front closed cavity 404 andback so 
closed cavity 405. The source of vbratton, namely 
speaker unit 402 and passive radiator 401 are mounted 
direct onto the baffle 403. the rigidity of which being the 
highest; therefore, the unwanted vit>ration of sub-baffle 
406 due to counteraction of speaker unit 402 is signift- ss 
cantly reduced, and the unwanted vibration of speaker 
system HseH is reduced. From the comparison of the 
conventional vbratkHi level 1001 arxl that off the present 
embodinnent 1002, it is understood that the vibration of 



speaker, box is substantiafly. reduced- in.. the^presentw 
embodiment 

In a compact or flat configuration, the (firect mourrt- 
Ing of speaker unit 402 onto baffle 403 helps keep the 
volume r&ftio orf the front dosed cavity reduced. This 
brir^gs atxxit an inproved limit of low range producbon 
in the present entxxfiment. as represented by the 
sound frequency characteristk:s 1102 versus conven- 
tional 1 101 ; thus the sound characteristics of a speaker 
system is improved. 

The back closed cavity 405 is to seal the front 
sound output of speaker unit 402 in. so as the front 
sound output from speaker unit does not interfere with 
the sound output from passive radiator. 

In a speaker system according to the present 
embodiment a sound output from the t>ack of speaker 
unit 402 is conducted via the air of front dosed cavity 
404 to passive radiator 401 to obtain a sound output 
from the passive radiator 401 , therefore the speaker unit 
402 and the passive radiator 401 are reverse-phased. 
Transformer 505 represents the akme de6crS>ed situa- 
tion. f=br a case off joint use with other speaker system, 
the sound signal input terminal of a speaker system 
according to the present embodiment is coupled with 
speaker unit 402 in the reverse phase. 

Rg.4 is a block diagram showing an application of 
the present embodiment, a sound produdng apparatus 
in which the speaker system of Rg.l with txjilt-in power 
amplifier is used as subwoofer. The sound produdng 
apparatus conprises a pulse wkith modulating type 
pcNver amplifier 605 which amplifies only the low range 
signal of sound input signal, a speaker system of Rg.1 

606 which reproduces sound output signal from power 
amplifier 605, and a sound feedback drcuit 607 which 
detects with a nvcrophone 602 a sound signal radiated 
from speaker system 606 for controDing the sound sig- 
nal k>ased on output signal from the mk^rcphone 602. 
The feedback drcuit 607 is formed in a stage before the 
power anrplrf ier 605. Here, the sound feedback drcuit 

607 and power amplifier 605 constitute a power amplify- 
ing means for amplifying only the low range signal of 
sound output signal from a sound source 61 1 . and deliv- 
ers the amplified to the speaker system 606. 

The sound feedback drcuit 607 comprises, as 
shown in Rg.5. a subtracter 601 in which an input termi- 
nal 1 to t>e connected with output off the sound source 
611 is connected to a reverse input terminal, a nrDcro- 
phone amplifier 603 to which an output sigr\al of micro- 
phone 602 is inputted, and an adder/subtracter 604 
which processes the output of microphone amplifier 603 
and the sound signal to be inputted to power amplifier 
605 arithmetically, the output of adderAsutJtracter 604 is 
connected to a non-reveisal input terminal off the sub- 
tracter 601. 

The pulse wkfth modulation type power anrptifier 
605 is a power amplifier wtuch is compact yet yields a 
high output By incorporating the power amplifier 605 in 
ad^ce within a sound produdng apparatus, integra- 
tion with oth^ sound produdng apparatus for a higher 



7 



EP0G00330A2 



8 



.perfonnnance.tum& out .easy. The startip-of sound4)ro:; . 
dudng output is also inproved bf a servo-effect of the 
sound feedback drcurt 607. 

Fig.6 shows a constitution of a car-borne sound 
producing apparatus, in which a speaker system s 
accorcf ng to the present embodmem Is incorporated as 
subwoofer. Basically, this is conprised of a sound 
source 611 and a fuU-range speaker system 612. In 
Fig.6. the sound source jS1 1 comprises a sound source 
equipmart 611a such as a oornpact disk player, a com- io 
pact cassette player, a tuner etc.. an adjusting section 
611b for adjusting the volume, tone ol sound source, 
and a power amplifier 611c for arrpljfying sound output 
signal therefrom. The full-range sp^tker system 612 
reproduces sound output signal of sound source 61 1 in 75 
a room of a car. The subwoofer 613 is a Kelton type 
speaker system having passive radiator according to 
the present embodiment, coupled with sound output 
signal from sound source 611. The use of siiswoofer 
613 improves the low range frequerKy characteristics, so 
Furthermore, a phase relative to other sound producing 
apparatus may be optimized by deGvering to sU>woofer 
613 a sound signal which is reverse-phased with 
respect to a sound signal applied to full-range speaker 
system 612. zs 

rig.9 shews another car-bome sound producing 
apparatus in which a speaker system according to the 
present embodiment is used as subwoofer. The sound 
producing apparatus comprises a frequency voltage 
converter 701 which converts the frequency of car so 
speed pulse delivered from car into a direct current volt- 
age proportionate to the car speed, a voltage oor^l 
anrplrfier 702 which amplifies sound input signal and 
outputs a sound signal proportionate to control voltage 
of the frequency voltage converter 701. an integration 3S 
circuit 703 which prevents the output signal of voltage 
control amplifier 702 from nnaking a frequent fluctuation 
accorcfing to control >oltage of frequency voltage oor>- 
verter 701, a signal limiting drciA 704 which sup- 
presses an excessive sound output signal when a 40 
sound volume of speaker system 606 is large enough 
not to be affected by room noise, a vohage control 
amplifier 705 which controls sound signal according to 
an output voltage when engine switch is ON so as an 
appropriate sound volume is obtained when a car is 4S 
stopped with engine keep idEng. a pulse widtti modula- 
tion type power ampfifier 605 which amplifies only low 
range output power signal of voHage control amplifier 
702, a speaker system according to the present embod- 
iment 606 which reproduces sound output signal of so 
power anplifier 605. and a sound feedback circuit 607 
which controls sound signal t>ased .on output signal of 
microphone 602 provided for detecting sound signal 
racfiated from speaker system 606, the feedback drcuit 
607 being formed between signal limiting circuit 704 ss 
and power amplifier 605. 

The signal limiting circuit 704, feedback circuit 607 
and power amplifier 605 constitute a power amplifying 
means for anplifying only the low range signal of sound 



output. signal from voltage. control. amprrfie(-.702,-v^and ... 
delivering the amplified power to speaker system 606. 
The sound feedback circuit 607 is as shown in Rg.5. 

The operation of a car-t)orne sound producing 
apparatus constituted as abcve is^described in the fol- 
towing. A sound signal delivered from sound souxe 61 1 
is Irputted to voltage control anplifier 705. The amplifi- 
cation of voltage control amplifier 705 goes higher for a 
certain level Mpon detecting a vottaga that appearB 
when engine switch of a car is ON. Requency voltage 
converter 701 is supplied with pulse of a car speed, and 
delivers a control voltage prcportionate to the car speed 
to voltage control anplifier 702 via integration circuit 
703. A sound signal outputted from voltage control 
amplifier 705 is inputted to voltage control amplifier 702. 
The anplification of voltage control amplifier 702 is con- 
trolled in proportion to the control voltage of frequency 
voltage oorrverter 701, namely a speed of the car. 
Sound output of voltage control amplifier 702 is inputted 
to signal limiting drcuit 704. The signal limiting circuit 
704 suppresses excessive sound volume accompanied 
by an increased car speed, when sound volume of sut>- 
woofer is large enough not to t^e affected tiy road noise 
and other room noises. Sound output signal of signal 
limiting circuit 704 is inputted to sound feedback drcurt 
607. 

The sound feedback circuit 607 detects the sound 
output of speaker system 606 with microphone 602, and 
forms a feedback loop with a microphone amplifier, a 
si^racter and an adder/subtracter, to inprove the 
sound produdng output of submofer through a servo- 
effect Sound output of sound feedback drcuit 607 is 
inputted to the pulse wktth modulation type power 
amplifier 605. The pulse wktth nrxxJulation type power 
anrplifier 605 has a built-in- k3w pass filter circuit etc..*' 
and anplifies only tfie km range power. Speaker sys- 
tem 606 is sipplied with sound output signal of pulse 
width nrxxJutation type power anplifier 605. and outputs 
a reproduced sound in a room of ttra car. 

The ndse level in a car room is higher when, in the 
order, a car is in stop, engine in idling state, running at 
low speed, running at moderate speed, mnning at high 
speed. However, under the above desabed constitu- 
tion the sound volume of speaker system, or Siijwoofer. 
also increases in proportion to the level of room noise: 
therefore, the S/N ratio of a sound produced by the sut>- 
woofer is improved to keep staying in a fixed value, and 
a most appropriate sound is reproduced. Meanwhile, 
when the sound volume of subwoofer is large enough 
not to be affected by the room noise, the signal limiting 
drcurt 704 suppresses unnecessary increase of sut>- 
woofer volume even if the running SF>eed of a car Is high. 
Even if running speed of a car changes frequentiy. the 
sound volume of subwoofer never shifts that frequent 
thaniG to the work of integration drcuit 703. 

As desaibed in the above, tfte present sound pro- 
dudng apparatus installed in a car avdds the masking 
phenomenon, by shifting the ampl'rficatiDn of power 
anrplifier in low range signal according to a changing 
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.road.noise.caused<.by.chafl9ng car^eed as wetl as. 
accading to the existence or not of engine noise. 

Fig.10 shews a modification of the Ketton type 
speaker system of Fig.l having passive radiator, 
enploying a plurality of passive radiators 801. 802. In 
the case with plura) passive radiators, if the total sum of 
the area and mass of daphragms is identical to that of* 
the case of a single passive radiator the characteristics 
win be Identicat to those of the first embodiment. This 
provides additional freedom in designing a speaker sys- 
tem. 

Rg.11 shows another nxxlification of the speaker 
system of Fig.l , in which a duct 902 is used in place of 
passive radiator 401 in Fig.l. If the area for internal 
diameter of dud 902 and the mass of air within duct 902 
are identical to the diaphragm of passive radiator 401 . a 
same characteristic as in the first embodiment vnll be 
ot7tainat)le. This helps simplify the structure of a 
speaker system. 

Fig. 12 shows a speaker system which is the 
speaker system of Fig.l further provided with a cfiffuser 
408 on passive radiator 401. A sound output repro- 
duced from passive radiator 401 is reflected by tfie dif- 
fuser 408 to be delivered through a sound output 
radiating section 409 placed in the skf e of speaker box 
and dtffuser 408. This increases the effective equivalent 
mass against passive radiator 401 , bringing about a fur- 
ther extended (inut of tew range reproduction. Even 
when goods are placed on a speaker box of the present 
structure the sound characteristics is not affected; even 
when ihespeaker tx2x is installed underneath a car seat 
a vibration that couM make a person sitting on the seat 
feel unpleasant is alleviated because the sound pres- 
sure does not shoot direct up. 

(EmboG6ment2) 

Rg.13 is a aoss sectional view showing a Kelton 
type speaker system having passive radiator according 
to a second ennbccfiment of the present irrverrtion. The 
speaker system comprises a passive radiator 1301 
which actually produces a sound, a speaker unit 1302 
for driving the passive radiator 1301 with a front sound 
output, a baffle 1 303 on which the passive radiator 1 301 
and the speaker unit 1 302 are mounted and constitutes 
a part of a speaker box, a front dosed cavity 1304 for 
coupGng a front sound output of speaker unit 1302 with 
passive radiator 1301. a back dosed cavity 1305 lor 
sealing the back sound output of speaker unH 1302 in. 
andacabinet 1306 which constitutes a speaker box. 

The passive radiator 1301 is fixed direct to top 
tx)afd 1303a of baffle 1303. the speaker unit 1302 is 
mounted on the opening of a cylinder 1303b whk^h is 
fixed to top board 1303a at a place inner from the end. 

In a speaker system according to the second 
embodiment, sound output from the front of speaker 
unit 1302 is conducted via the air in front ck>sed cavity 
1 304 to passive radiator 1 301 to produce a sound there- 
from. The source of vtoration. namely speaker unit 1302 



. ' ^ and.passive.radiator 1301 are moumed^dlrectvonto.the. 
baffle 1303, the rigkfity of which being the highest; 
therefore, the unwanted vibration of speaker system 
due to counteraction of epeaker unit 1302 is reduced. 

5 In a conpact or flat configuration, the direct mount- 
ing of speaker unit 1302 onto baffle 1303 he^ keep the 
volume ratio of the front dosed cavity reduced; which 
irrproves the sound characteristks of a speaker sys- 
tem The back closed cavity 1305 is to seal the back 

10 sound output of speaker unit 1302 in, so as the back 
sound output from speaker unit 1302 does not interfere 
with the sound output of passive radiator 1301. 

The invention may be entxxJied in other specific 
forms wittvujt departing from the spirit or essential char- 

15 acteristics thereof. The present embodiments are there- 
fore to be considered in aD respects as illustrative and 
not restrictive The scope of the present invention is 
shown t}y the daims, and not to be restricted by the 
above explanation. Modificatiorrs or changes in the 

20 scope of the daims or equivalents thereto are all within 
tfie scope of the inventioa 

Claims 

26 1 . A speaker system comprising: 

a speaker unit connected witti a sound signal 
input terminal; 

a passive radiator driven by sound output of 
30 said speaker unit; , 

a front dosed cavity induding sakJ passive 
radiator, for coupling saki sound output with 
sakl passive ra(£ator; 

a back dosed cavity for sealing said sound out- 
3S putin; - . 

a baffle comprising a top board for mounting 
said passive radiator on. and constituting a 
speaker box; and 

a cabinet constituting sakJ speaker box in oom- 
40 binatkm with said baffle, wherein 

saki speaker unit is mounted on a mounting 
member which is fixed to said top board at a 
place other than the end. 

45 2. A speaker system of daim 1 , wherein saki mount- 
ing member is conrtprised of a cylinder forming sakf 
fnxTl dosed cavity, and sakj speaker unit is 
mounted on the opening of saki cylinder. 

50 3. A speaker system of daim 1 , wherein said speaker 
unit is disposed in a reverse arrangement relative to 
said passive radiator, saki front dosed cavity cou- 
ples a sourvl output delivered from the back of saM 
Speaker unit and said back dosed cavity seats a 

55 sound output delivered from the from of said 
speaker unit in. 

4. A speaker system of daim 1 . wherein sakJ speaker 
unit is disposed in a same direction as said passive 
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6. 



.radiator, said.from.cbsedjcavity.cQuples.a sound*-^ 
output delivered from the front of said epeaker unit 
and said back closed cavity seals a sound output 
delivered from the back of said speaker unit in. 

5 

A speaker system of daim 1 . v^erein cfiaphragm of 
said passrve radiator Is fixed direct to said top 
board. 

A speaker system of daim 1, wherein said pas^e io 
radiator is comprised of ptura) passive radiators. 

A speaker system of daim 1 , further comprising a 
diffuser disposed on said passive radiator. 



8. A speaker system of daim 1 , further comprising a 
power amplifier inducing a pulse v^dth modulation 
ampfifier, which is built in said speaker box. 

9. A speaker system comprising: 



IS 



20 



passive radiatordriven bysoundoutputofsaid. 
speaker unit a front dosed cavity induding 
said passive radiator, for coupling said sound 
output with said passive radiator a back dosed 
cavity for sealing said sound oulput in, a baffle 
corTY>rising a top board for mounting said pas- 
sive radiator on, and constituting a speaker 
box, and a cabinet constituting said speaker 
box in combination with saM baffle, wherein 
said speaker unit is nrounted on a mounting 
member which is fixed to said top t>oard at a 
place other tfian the end; 
a pwer amplifier for delivering a reproduction 
signal to said speaker system; 
a microphone for d8tectir>g a sound output sig- 
nal radiated from either said speaker unit or 
saM passive radiator; and 
a sound feedback drcuh fbr feeding the sound 
signal from sakJ mcrophone to said power 
amplifier. 



a speaker unit connected with a sound signal 
input terminal; 

a through duct for radiatir)g a sound output of 
said speaker unit towards outside; zs 
a front dosed cavity comprising said through 
duct, for coupBng said sound output with sakJ 
through duct; 

a back dosed cavity for seating said sound out- 
put in; 30 
a baffle comprising a top board, and constitut- 
ing a speaker box; and 

a cabinet constituting sakj speaker box in com- 
bination with sakl t>aflle, wherein 
said speaker unit is mounted on a mounting 35 
member which is f ixed to said top board at a 
place other than the end 

10. A speaker sy^em of daim 9, wherein said mount- 
ing member is comprised of a cylinder forming said 40 
front ctosed cavity, and said speaker unit is 
mounted on the opening of sakf cylinder. 

11. A speaker system of daim 9. wherein said front 
dosed cavity ooi4)les a sound output delivered 45 
from the back of said speaker unit, and said back 
dosed cavity seals a sound output delivered from 
the front of said speaker unit in. 



14 A sound produdng apparatus of daim 13, wherein 
said speaker unit is disposed in a reverse arrange- 
ment relative to said passive radiator, said front 
closed cavity couples a somd output delivered 
from the back of said speaker unit, and saki back 
dosed cavity seals a sound output delivered from 
the front of said speaker unit in. 

15. A sound produdng apparatus of daim 13. wherein 
said speaker unit is disposed in a same directu)n as 
said passive radiator, said front dosed cavity cou- 
ples a sound output delivered from the front of said 
speaker unit, and said back dosed cavity seals a 
sound output delivered from the back of said 
speaker unit in. 

16. A sound produdng apparatus of daim 13. wherein 
said sound feedback drcuit comprises a subtracter 
cfisposed in a stage before said power ampGfier. a 
microphone amplifier for amplifying a sound signal 
deteded by said miaophone, and an adder/sut>- 
tracter oonneded with sakJ subtracter for adding 
and subtracting the output signal of said micro- 
phone amplifier and the input signal of said power 
amplifier. 

17. A sound produdng apparatus connprising: 



12. A speaker system of daim 9. wherein said front so 
ck>sed cavity couples a sound output delivered 
from the front of saxi speaker unit and said back 
dosed cavity seals a sound output delivered from 
the back of saki speaker unit in. 

55 

1 3. A sound produdng apparatus corrprising: 

a speaker system comprised of a speaker unit 
connected with a sound signal input terminal, a 



a speaker system corrprised of a speaker unit 
conneded with a sound sigr>al input terminal, a 
passive radiator driven by sound output of saki 
speaker unit a front dosed cavity induding 
said passive radiator, for coupGng sakl sound 
output with said passive radiator, a back dosed 
cavity for sealing said sound output in. a baffle 
conrprising a top board for mounting sakj pas- 
sive radiator on. and constituting a spaaker 
box. and a cabins constituting said speaker 
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' box. ,ia.ooiTibinatic2n . with -said baffl^^^ 

said speaker unit is mounted on a mounting 
member wt^ch is fixed to said top board at a 
place other than the end: 

a power amplifier for delivering a reproduction s 

signal to said speaker system: 

a frequency voltage conversion circuit provided 

with input terminal of car speed pulse: 

a first voltage control amplifier for controlling a 

sound input signal which is based on the output 10 

signal of said frequency voltage conversion dr- 

cuit;and 

a second voltage control anplifier for controt- 
Itng a sound input signal which is based on the 
control signal supplied according to the operat- is 
ing state of engina 

18. A sound producing apparatus of daim 17, wheren 
sak) speaker unit is cfisposed in a reverse arrange- 
ment relative to said passive radator, saki front 20 
closed cavity coiples a sound output delivered 
from the back of said speaker unit and said back 
closed cavHy seals a sound output delivered from 
the front of said speaker unit ia 

26 

19. A sound producing apparatus of daim 17, wherein 
said speaker unit is disposed in a same direction as 
sakl passive radiator, said front closed cavity cou- 
ples a sound output delivered from the front of saxi 
speaker unit, and said back ctosed cavity seals a 30 
sound output delivered from the back of sakJ 
speaker unit in. 

20. A sound producing apparatus of daim 17, further 
corpprising an tntegration drcuit for integrating out- 35 
put signal of said frequency voltage conversion dr- 
cuit disposed in a stage t>efore said first voltage 
control amplifier. 

21. A sound produdng apparatus of claim 17, further 40 
comprising a signal limiting circuit for limiting an 
output signal of eitfier saU first voltage control 
amplifier or second voltage control anplifier, dis- 
posed in a stage before sakJ power amptif ier. 

45 

22. A sound producing apparatus of daim 17. wherein 
sakj second voltage control amplifier detects a volt- 
age to be delivered when engine switch is ON, for 
raising the rate of amplificatkxi. 

so 

23. A sound producing apparatus comprising a full- 
range speaker system and a low-range speaker 
system, wherein sakl lew-range speaker system 
conprises: 

a speaker unit connected with a sound signal 
input terminal: 

a passive radiator disposed in a reverse 
arrangement relative to sakJ speaker unit and 



.^.^..4^.. driven by.asourdoutput.froro.the.back.otsak^ 
speaker unit; 

a front dosed cavity induding said passive 

radiator, for coi^^Gng sakl sound output from 

the back with saki passive radiator; 

a back dosed cavity for sealing a sound output 

from the front of sakf speaker unit in; 

a baffle comprising a top board for mounting 

saki passive radiator on, and constituting a part 

of speaker box; and 

a cabinet constituting saxj speaker box in com- 
bination with said baffle, wherein sakj speaker 
unit is mounted on a mounting member which 
is fixed to said top board at a place other than 
the end, wherein 

saM k)w-range speaker system is supplied with 
a sound signal which is reverse-phased to a 
sound signal to be delivered to sakJ full-range 
speaker system. 
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